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(57) Abstract 

Thermoplastics material corrugated sheet (44) is provided having two outer layers (42) sandwiching an inner structure (44) 
the mass of which is substantially evenly distributed between the outer layers. The sandwiching or laminating process is conveni- 
ently carried out from ihree separate extruders providing a vertical fail of iaytrs which are laminated by the use of at least some 
of heat pressure, and chill rollers against the vertical layers. On pressing the two outer layers together the inner structure crumples 
so that it is evenly distributed between the layers and does not form separate lumps which tend to hold the outer layers apart. 
When the layers have beer, pressed together they may be heat sealed io close channels (46) between the layers. 
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MULTILAYER THERMOPLASTIC SHEET 

TECHNICAL FIELD 
5 This invention relates to multi layer 

thermoplastic sheet. 

BACKGROUND ART z 

Corrugated liner board is a well known corrugated 

10 paper product for packing sheet having insulating and 

strength properties. Boxes are frequently made from this 
product since the two outer layers of paper or paperboard 
united by a corrugated paper inner layer provide a 
structure of increased rigidity in comparison with the 

15 component layers. 

Multi-layer polypropylene in which the layers are 
spaced apart by vertical walls is also known. Such a 
product is "Coroplast" TK manufactured by porthole 
20 extrusion, i.e. a single extrusion die is actually 
configured to extrude a sheet having longitudinally 
extending, substantially square section, open ended 
channels . 

25 For the sake of simplicity, multi-layer plastic 

sheeting have layers spaced apart by inner walls, will be 
referred to as "corrugated plastic sheet". This is 
intended as a comparison with "corrugated liner board" 
rather than as a strict definition. The term is used to 

30 include structures such as Coroplast TK which is not 
strictly corrugated. 

The top and bottom surfaces of the known 
corrugated plastic sheet tend to be not entirely flat due 
35 to differential cooling of the extrusion. Thus the top and 
bottom surfaces are at least usually slightly fluted along 
the lines of the interior walls. The surfaces are thin and 
comparatively fragile. It may be difficult to form coined 
lines for sharp bends, as for example right angled bends 
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between walls of cartons. 

With the increased emphasis on recycling, it has 
been found desirable to provide a recyclable, insulating 
5 plastic corrugated sheet suitable for direct contact with 
food and being washable and sterilizable for reuses. The 
present applicant has addressed this problem. 

DISCLOSURE OF THE INVENTION 

10 According to the invention, there is provided a 

thermoplastic material sheet having internal parallel 
channels comprising two outer layers spaced apart by an 
inner structure comprising sloping walls, alternate walls 
sloping in opposing directions, to form the channels 

15 between opposing walls and at least one of the outer 

layers. The inner structure may comprise walls sloping at 
substantially 60° to each of the two outer layers and to 
each other, alternate opposing walls meeting at their edges 
through which they join a respective one of the outer 

20 layers. 

Such a structure may be extruded by porthole 
extrusion, but if this technique is used, it is possible 
that a small amount of fluting will be present on the outer 

25 surfaces even though differential shrinkage between the 

layers may be minimized due to the even distribution of the 
mass of the inner structure between the outer layers. It 
is preferred that sheet according to the invention be 
produced by progressive extrusion to form a laminate of two 

30 outer layers sandwiching an inner structure. The 

progressive extrusion may involve the extrusion of separate 
layers for lamination for separate extruders. These layers 
are conveniently laminated in a vertical fall utilizing 
any or all of heating, pressure and chill rollers. Of 

35 course it is also possible to laminate preformed sheets or 
extruded layers with one or more preformed sheets. 

Progressive lamination may be regarded as the 
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simultaneous extrusion of the outer layers and the inner 
structure through three separate extrusion nozzles. The 
two outer layers and the inner structure are quickly 
brought into contact while the extrusion is still unset to 
5 form the laminate. 

The inner structure may be any suitable structure 
in which the mass of the structure is substantially evenly 
distributed between the outer layers. Suitable inner 
10 structures may comprise corrugated extrusions having ridges 
and troughs of V-shape, e.g. having an angle of 60°, or of 
undulating form, e.g. of sinusoidal . form. 

The inner structure holds the outer layers apart 
15 and provides parallel channels between them. The channels 
have triangular cross section for an inner structure. of V- 
shaped corrugation and have a curved side and a straight 
side for an inner structure of generally sinusoidal form. 

20 The channels may be closed at their ends by, for 

example, pinching together the outer layers such that the 
inner structure is collapsed to an end mass of 
substantially even distribution between the outer layers. 
If it is desired to seal the channel ends in addition to 

25 closing them, the pinched together ends may be heat sealed, 
e.g. by ultrasonic welding. 

A somewhat similar technique may be used to 
provide flattened panels in a sheet of corrugated plastics 

30 sheet according to the invention, in this case, panel areas 
are pinched together to collapse the inner structure to a 
panel mass of substantially even distribution between the 
outer layers, and the outer layers and substantially evenly 
distributed panel mass are heat sealed together, e.g. by 

35 ultrasonic welding. Such panel areas are useful as 

"plates" in food cartons such as pizza boxes or may be used 
for tabs of erectable carton blanks. 
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Similarly, coining may be provided by pinching 
together the outer layers to collapse the inner structure 
to form a line mass of substantially even distribution 
between the outer layers. These coined lines may be heat 
5 sealed if desired. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention will now be 
described by way of example with reference to the drawings, 
10 in which: 

Figure 1 is a cross section of one example of 
prior art thermoplastics sheet; 

Figure 2 is a cross section of the sheet of 
15 Figure 1 showing buckling of interior walls when outer 

layers are pinched together; 

Figure 3 is a cross section of one sheet 
according to the invention; 

Figure 4 is a cross section of the sheet of 
20 Figure 1 after pinching the outer layers together and 

sealing them; 

Figure 5 is a cross section through another sheet 
according to the invention ; 

Figure 6 is a sketch showing a sheet of the 
25 invention having a sealed end, a sealed panel and a 

coined liner 

Figure 7 shows a pizza box formed from sheet 
material of the invention; and, 

Figure 8 shows a sketch of the sequence of 
30 process steps in one possible process of making a 

sheet according to the invention. 

MODES OF CARRYING OUT THE INVENTION 

The example of prior art sheet material 10 shown 
35 in Figures 1 and 2 of the drawings may usually be formed of 
polypropylene and produced by porthole extrusion. 



Thus, the prior art sheet 10 which has adjacent 
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elongate channels 16 of substantially square cross section 
may be produced by extrusion through a single extrusion 
nozzle configured to have an outlet comprising a pair of 
elongate, horizontal, parallel slots for extruding the 
5 outer layers 12 of the sheet. The slots are connected by 
short, vertical, parallel slots for extruding the inner 
walls 14. The resulting extrusion shrinks as it cools so 
that the outer layers 12 are not entirely flat but have 
elongate grooves 13 extending along the line of each 
10 interior wall 14. Thus, the upper and lower surfaces of 
the sheet may be slightly fluted. 



This prior art sheet has considerable advantages 
for use in place of corrugated liner board for many 

15 applications. It is, however, not very suitable for reuse 
applications where it has direct contact with food. The 
fluted surface is not so easy to clean as a flat surface, 
the ends of channels 16 are open to the ingress of dirt, 
bacteria and viruses and, importantly, the surface is quite 

20 fragile and easily penetrated by a knife or fork or other 
sharp edge or point. Difficulties also arise in bending 
this prior art material about a sharp fold line. When the 
layers 12 are squeezed together, walls 14 may tend to 
buckle each into a separate crumbled mass resisting further 

25 squeezing together of layers 12 and making sealing together 
of layers 12 either difficult or impossible. Thus it may 
be seen that attempts to coin a fold line or to bring edges 
of the sheet together to close the mouths of channel 16 or 
squeeze the inner and outer layers together for other 

30 purposes, may result in a structure as shown in the sketch 
of Figure 2. 

Figures 3 and 5 show cross sections of sheets 
according to the invention in which The inner structure is 
35 distributed over space between outer layers 32 (Figure 3) 
or 42 (Figure 5) . 



To avoid the problem presented by fluted upper 




WO 94/05489 PCT/CA92/00385 

- 6 - 

and lower surfaces, sheet according to the invent ion -may be 
made by progressive extrusion, i.e. two separate elongate 
extrusion slots are provided, each being for the extrusion 
of one of the upper or lower layers 32, 42. A further slot 
5 of saw tooth or waved configuration is provided for 

extrusion of the inner structure. Upon extrusion,- the 
outer layers 32, 42 are contacted with ridges or troughs of 
walls 34, or 44 of the inner structure to bond the 
laminated outer layers and the inner structure together. 

10 

The inner structure may comprise walls 34 each 
sloped at substantially 60° to the outer layers 32, 
alternate walls sloping in opposite directions and meeting 
at ridges and troughs respectively coincident with the 

15 upper and lower layers 32. In this case (Figure 3), the 
bulk of the walls 34 is distributed with respect to the 
area of layers 32. If the layers 32 are squeezed together, 
the walls 32 will tend to crumple in an inner layer 
distributed evenly between outer layers 32. Discrete 

20 separate masses of crumpled inner walls such as described 
in relation to Figure 2 should not occur. As a result, it 
may be possible to squeeze layers 32 more closely together 
than was possible for prior art structures. The structures 
produced by squeezing the layers 32 closely together may 

25 approach the structure shown in Figure 4 in which collapsed 
walls 34 are shown as a single inner layer 38. In fact, 
the integral layer 38 may only be actually formed after 
heat sealing, e.g. by ultrasonic welding. Nevertheless, 
even before sealing, the close proximity of layers 32 after 

30 pinching them together, may allow the forming of coining 52 
(Figure 6) for improved folding of the sheet at a sharp 
bend. Such coining 52 may, if desired, be additionally 
heat sealed. 

35 Figure 5 shows a cross section of another 

embodiment of the invention. As described in relation to 
Figures 3 and 4, the inner structure between the outer 
layers 42 of the sheet of Figure 5 is distributed over the 
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region between layers 42. In this case, however, sloping 
walls 44 provided by an undulating inner sheet which may be 
of sinusoidal form. The ridges and troughs are smoothly 
curved and sloping walls 44 merge the one within the other. 
5 Channels 46 have a cross section with one straight edge and 
a curved edge. On squeezing, pinching or pressing- 
together, a sheet having substantially the structure of 
that shown in Figure 4 may be obtained. 

10 Figure 6 shows a detail of a sheet according to 

the invention having an edge 56 in with the outer layers 
been pressed together and sealed to close the mouths of 
channels within the structure. A panel 54 also provided, 
the panel 54 has no channels in the thickness of the sheet 

15 but may be provided by pressing together the outer layers 
so that the inner structure is evenly distributed between 
thin and heat sealing the layers of the panel. 

Figure 7 shows one embodiment of an improved 
20 carton suitable for use in direct contact with food and 

which may be recyclable. Suitable thermoplastics material 
from which the sheet and the carton 60 may be made is 
polyethylene but any food grade thermoplastic material may 
be used especially those suitable for recycling. 

25 

Carton 60 may be a pizza box formed of 
thermoplastics material sheet according to the invention. 
The sheet should be sufficiently rigid to retain the carton 
shape. To an extent, the channel structure of the sheet 

30 provides rigidity to sheet of which the thickness of 

individual layers and inner structure might otherwise be 
insufficient to be self-supporting. It may be seen, 
therefore, that cartons may be constructed with less total 
bulk. of plastic material then has hitherto been possible. 

35 The reduction in mass that may be possible is envisaged to 
be in the region of 40% to 60%. The degree of rigidity 
required is a function of the particular carton and the 
degree of strength and durability required is a function of 
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the envisaged amount of reusage. These characteristics are 
a matter of choice within the general scope of the 
invention. 



5 For a pizza box, for example, a pizza box as 

shown in Figure 7, it may be desirable to incorporate a 
panel of greater surface toughness against the effects of 
pronged or sharp edged instruments. Thus panel 54 may be 
provided in any desired shape by crushing or pressing outer 

10 layers 32 of the sheet together over the desired area. 

That area may then be subjected to heat, for example, by 
ultrasonic welding, to form a laminated flattened panel 54. 
The inner layer of panel 54 comprises collapsed walls of 
the inner structure of the sheet which have, on crushing, 

15 collapsed relatively evenly between outer layers 32. These 
collapsed walls form an integral inner layer on heat 
sealing. It may be that ultrasonic welding plates may also 
be utilized to initially press layers 12 together. The 
edges of the pizza box which are adjacent longitudinal 

20 walls of channels of the sheet material are sealed against 
the ingress of dirt and germs. The edges to which section 
the channels must be sealed by provision of a sealing edge 
such as sealing edge 56. 

25 To guard against ingress of dirt and germs into 

channels 36, 46 the ends of the channels may be sealed. 
Thus layers 32, 42, at open ends of channels 36, 46, may be 
pressed together and heat sealed. Such a closed, sealed 
edge is shown at 56 in Figure 6. 

30 

Other embodiments are possible within the spirit 
of the invention. In particular, it may be possible to 
provide a steel structure comprising more than two layers 
32, 42 each pair of layers having an inner structure there 
35 between . 



Figure 8 shows one example of process steps which 
may be used. Corrugated sheet is either preformed or 
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extruded from extruder 62. In any event it may be allowed 
to fall vertically. Outer laminating sheets 64, are 
provided either pre-formed or from extruders 66 and allowed 
to fall vertically to either side of sheet 60. The three 
5 sheets 64, 60, 64 may pass guide rollers 67 and then 

between heating rollers 68. These are of importance when 
pre-formed sheet is used. Then sheets then pass between 
pressure rollers 70 which laminate them together. 
Thereafter they may pass through chill rollers 72 and 
10 possibly transport conveyor 74. Other transport rollers 
may additional be used. 
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CLAIMS 

1. Thermoplastics material sheet having a 

longitudinal dimension and a transverse direction and 
5 formed by having internal extending in a longitudinal 

direction comprising- two parallel outer layers spaced apart 
by an inner structure comprising elongate sloping walls 
extending in the longitudinal direction of the sheet, 
alternate elongate walls sloping in opposing directions to 
10 form elongate channels between opposing elongate walls and 
at least one of the outer layers. 

2 - Thermoplastic sheet material as claimed in Claim 

1 in which the inner structure comprises walls sloping at 
substantially 60° to each of the two outer layers, 
alternate opposing walls meeting at their edges through 
which they join a respective one of the outer layers. 



15 



20 



30 



3- Thermoplastic sheet material as claimed in Claim 

1 comprising a laminate of two outer layers sandwiching the 
inner structure. 



4- Thermoplastic sheet material as claimed in Claim 

3 in which the laminate if formed by lamination of unset 
25 extrusions of the outer layers and inner structure. 

5 - Thermoplastic sheet material as claimed in Claim 

4 in which the inner structure comprises a corrugated 
extrusion having ridges and troughs of V-shape. 



6 - Thermoplastic sheet material as claimed in Claim 

5 in which the angle of each V-shaped ridge and trough is 
substantially 60°. 



35 



7 - Thermoplastic sheet material as claimed n Claim 4 

in which the inner structure comprises a corrugated 
extrusion having undulating ridges and troughs. 
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8. , Thermoplastic sheet material as claimed in Claim 

7 in which the undulating corrugated extrusion is of 
sinusoidal form. 

5 9. Thermoplastic sheet material as claimed in Claim 

1 in which ends of the channels are closed. 

10. Thermoplastic sheet material as claimed in Claim 

9 in which ends of the channels are pinched together such 
10 that the inner structure is collapsed to an end mass of 

substantially even distribution between the outer layers. 

11. Thermoplastic sheet material as claimed in Claim 

10 in which the outer layers and substantially distributed 
15 collapsed inner structure are sealed together. 

12. Thermoplastic sheet material as claimed in Claim 
1 in which panels comprise areas in which the inner 
structure is collapsed to a panel mass of substantially 

20 even distribution between the outer layers, and the outer 
layers and* substantially evenly distributed panel mass are 
sealed together. 

13. Thermoplastic sheet material as claimed in Claim 
25 1 having coined lines along which the sheet is bendable, 

the coined lines comprising lines along which the inner 
structure is collapsed to form a line mass of substantially 
even distribution between the outer layers. 



30 14 . Thermoplastic sheet material as claimed in Claim 

1 in which the thermoplastic material is polyethylene. 




38 32 FIG. 4 
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